Palaeoecological and archaeological studies have demonstrated that human populations have long inhabited the moist forests of central Africa. However, spatial and temporal patterns of human activities have hardly been investigated with satisfactory accuracy. In this study, we propose to characterize past human activities at local scale by using a systematic quantitative and qualitative methodology based on soil charcoal and charred botanical remains. A total of 88 equidistant test-pits were excavated along six transects in two contrasting forest types in southern Cameroon. Charred botanical remains were collected by water-sieving and sorted by type (wood charcoals, oil palm endocarps and unidentified seeds). A total of 50 Accelerator Mass Spectrometry 14 C dates were also obtained. Results showed that charred macroremains were found at multiple places in the forest, suggesting scattered human activities, which were distributed into two main periods (Phase A: 2300-1300 BP; Phase B: 580 BP to the present). Charred botanical remains indicated two types of land-use: (1) domestic, with oil palm endocarps most often associated with potsherds (villages) and (2) agricultural, with charcoal as probable remnant of slash-and-burn cultivation (fields). Oil palm endocarp abundance decreased with distance from the identified human settlements. Our methodology allowed documenting, at high resolution, the spatial and temporal patterns of human activities in central African moist forests and could be applied to other tropical contexts.
Introduction
Palaeoecological and archaeological evidence of ancient and scattered human activities have demonstrated that human populations have long inhabited the tropical forests worldwide (Barton et al., 2012; Willis et al., 2004) . These biomes therefore cannot be regarded as pristine anymore, as they were occupied for several millennia by groups of hunter-gatherers, followed by farmers who settled in areas that are covered by dense forest today. In tropical Africa, it has been assumed that these human activities have had a substantial impact on vegetation structure and composition (Oslisly et al., 2013b) . Specifically, early slash-and-burn shifting cultivation has been assumed to have formed scattered openings in the canopy that have allowed long-lived light-demanding trees to establish two to three centuries ago, and today, these trees represent an important component of canopy trees (Biwolé et al., 2015; Engone Obiang et al., 2014; Gond et al., 2013; Vleminckx et al., 2014) . Nonetheless, this assumption raises three issues. The first relates to the distinction between anthropogenic and natural signals in the record, as natural fires have occurred irrespective of human presence, specifically during dry climatic events in the lateHolocene (i.e. after 2500 BP ) (Hubau et al., 2015) . The second issue concerns the observation scale, whether regional or local, of the anthropogenic disturbances and their impacts. The third deals with the quantitative and qualitative characterization of these human disturbances, especially in underexplored areas, because of difficulties related to fieldwork accessibility.
Numerous studies have documented an increasing human presence since the late-Holocene in tropical Africa (after 2500-2300 BP; De Maret, 1986; Denbow, 1990; Eggert, 1992; Oslisly et al., 2013a; Wotzka, 2006) , probably mediated by a strong dry climatic event that has been recorded between 3000 and 2000 BP throughout central Africa (Elenga et al., 1996; Lézine and McKey, 2013; Maley and Brenac, 1998; Ngomanda et al., 2009; Reynaud-Farrera et al., 1996; Vincens et al., 1999 Vincens et al., , 2010 . Late-Holocene aridity resulted in a strong forest regression with patchy landscapes that may have contributed to the southwards expansion of Bantuspeaking populations, coming from the northwestern fringes of the Cameroonian forests (Clist, 2006; Lanfranchi et al., 1998; Schwartz, 1992 ; but see Eggert, 1992 for a review of the archaeolinguistic aspects). Nonetheless, human history has hardly been documented precisely, particularly in the dense forests of southern Cameroon. Until now, only a few archaeological sites have been excavated (e.g. Eggert et al., 2006; Essomba, 1998; Lavachery et al., 2005; Meister, 2008 Meister, , 2010 Neumann et al., 2012a) . The systematic surveys undertaken during rescue excavations since the 2000s have constituted an exception in the almost empty archaeological landscape (e.g. the Campo Ma'an National Park and the Lolodorf-Kribi-Campo road-axe in SW Cameroon, the Lom Pangar dam and the Bertoua-Garoua-Boulaï road-axe in SE Cameroon (Mbida Mindzie et al., 2001; Oslisly, 2010) . In contrast, archaeological findings in southern Cameroon have often depicted a rough image of scattered and localized human activities (MorinRivat et al., 2014) . Indeed, they mainly consist of infrequent and incidental findings in the form of artefacts (e.g. stone tools, potsherds and iron slags) and charred botanical remains (e.g. charcoals and endocarps). Among the discoveries, wood charcoal is by far the most ubiquitous.
No agreed terminology or methods exist in charcoal studies, but rather a constellation of uses of charcoal to test various hypotheses in different biogeographical contexts (Scott and Damblon, 2010) . In particular, pedoanthracology (i.e. the weighing, dating and identification of charcoals buried in soils; Carcaillet and Mül-ler, 2005) has been developed then most often used in alpine and subalpine contexts (Carcaillet and Thinon, 1996; Thinon, 1978) . Previous studies have dealt with treeline shifts and vegetation changes caused by Pleistocene natural paleofires, exacerbated by further late-Holocene anthropogenic burnings for agro-pastoral purposes (e.g. Carcaillet et al., 2009; Carnelli et al., 2004; Di Pasquale et al., 2008; Talon, 2010; Touflan et al., 2010) . Charcoal has also been used to detect the spatial patterns of fire regimes as well as fire-return intervals in boreal and temperate forests (e.g. De Lafontaine and Payette, 2012; Gavin et al., 2003; Novák et al., 2012; Ohlson and Tryterud, 2000; Robin et al., 2011; Sanborn et al., 2006) . In the Neotropics, charcoal analyses have demonstrated that climate was either the dominant driver of paleofires at some sites or that both climate and human activity were the main drivers during the mid-Holocene, whereas fires have been mainly attributed to man during the late-Holocene (McMichael et al., 2012; Tardy et al., 2000; Titiz and Sanford Jr, 2007) . The Amazonian Terra Preta fertile soils constitute an emblematic example of dark earths from anthropogenic origin (Glaser, 2007; Glaser et al., 2000 Glaser et al., , 2001 Kämpf et al., 2003) . These soils have been described as a mixture of slash-and-burn residues, waste and residential refuse, accumulated during extended occupation of archaeological sites. These remains have mainly been dated to the late-Holocene (Bush and Silman, 2007; Glaser et al., 2000; Hammond et al., 2006; Pessenda et al., 2004) . In central Africa, charcoal analyses have mostly been limited to sedimentary micro charcoal from lakes or shallow depressions to detect ancient fire regimes at a regional scale (Aleman et al., 2013; Brncic et al., 2007 Brncic et al., , 2009 Tovar et al., 2014) . Up until recent, studies on macro charcoal from soil have been scarce (Hart et al., 1996) ; however, they have been used lately in underexplored areas to link Quaternary fire events to past climate changes in the Democratic Republic of Congo (Hubau et al., 2012 (Hubau et al., , 2013 (Hubau et al., , 2015 and to test the relationship between anthropogenic disturbances and current vegetation in southern Cameroon (Biwolé et al., 2015; Bourland et al., 2015; Vleminckx et al., 2014) . However, these recent studies have raised difficulties in the interpretation of the anthropogenic signal of disturbance. Issues namely arise related to either the sampling plan (Bourland et al., 2015) or to the quantitative methods, based on auger sampling (small sampled volumes) and charcoal hand-picking (Vleminckx et al., 2014) . In addition, former soil charcoal samplings in the framework of archaeological research have highly been selective and have mainly considered points of interest in the landscape, such as ridges, watercourses or useful trees for local populations (Oslisly and White, 2003) , but they have rarely been systematic. In any cases, a systematic and quantitative sampling, such as we propose in the present study, is crucial, especially for high-resolution analyses (Dutoit et al., 2009; Théry-Parisot et al., 2010) .
In this study, we aimed at defining the spatial and temporal patterns of past human activities at local scale, by using a systematic quantitative and qualitative methodology based on dated indicators of human presence (i.e. artefacts) and land-use biomarkers (i.e. charcoal and other charred remains). In particular, we tested the presence, over time and at local scale, of different types of human activities, which has, to our knowledge, never been demonstrated with such accuracy in tropical Africa. We particularly tackled the following research questions: (1) Can a precise methodology, based on charred macrobotanical remains from soil pits, be used to detect human land-use (as opposed to natural change)? (2) Can this allow for a good interpretation of human activity and settlement in tropical Africa covered by dense forest? (3) What are the temporal patterns of this human activity? (4) What is its spatial extent over land?
Materials and methods

Study sites
The study was carried out between February and April 2012 in southern Cameroon (Figure 1 ), in two contrasting study sites in terms of vegetation, soil and geological substrate (hereafter called Site 1 and Site 2). The climate in both sites is equatorial, with two wet seasons interrupted by two dry seasons. The sites are located in forest management units (FMU) that are under FSC certificates for sustainable forest management. All forest concessions belong to the permanent forest domain and legislation prohibits agriculture in the concessions. Current villages and associated shifting cultivation are only located along the roads (Carrière, 1999 and personal observation) . Current population density is less than 10 inhabitant/km 2 in Site 1 and less than 1 inhabitant/km 2 in Site 2 (Afripop, 2013) .
Site 1 (2°10′-2°39′N, 10°11′-10°53′E) is located in southwestern Cameroon, east of the Campo Ma'an National Park, in two FMU (logging company Wijma). Monthly average temperatures fluctuate around 25°C and mean annual rainfall ranges between 1669 (Bitam station, Gabon) and 2740 mm (Kribi station, http://www.climatedata.eu). The topography is hilly with a maximum altitude of 600 m. The geological substrate entails old volcanic intrusions and Precambrian metamorphic rocks (Franqueville, 1973) , and is overlain by Ferralsols (red-dominant) and Acrisols (yellow-dominant) (Van Gemerden et al., 2003) . The vegetation belongs to the mixed forest including lowland wet evergreen littoral and semi-deciduous types (Letouzey, 1985) . The canopy is dominated by long-lived light-demanding species like Lophira alata (Ochnaceae) (Vleminckx et al., 2014) .
Site 2 (2°30′-2°46′N, 10°42′-10°76′E) is located in southeastern Cameroon, north-east of the Dja Reserve, in three FMU (logging company SFID-Mbang, Groupe Rougier). Monthly average temperatures fluctuate around 28.5° and mean annual rainfall ranges between 1519 mm (Batouri station) and 1616 mm per year (Lomié station, www.climatedata.eu). The topography is broadly flat, with altitude between 600 and 700 m. The geological substrate consists of weathered Precambrian schisto-quartzitic rocks (Vennetier, 1963) , overlain by Ferralsols (Martin and Ségalen, 1966) . The vegetation mainly belongs to the semi-deciduous forest types (Letouzey, 1985) . Canopy is dominated by long-lived lightdemanding species from the Cannabaceae (Celtis spp.) and Malvaceae (Triplochiton scleroxylon) families .
Sampling design
To document past human activities in the two study sites, we performed a systematic sampling along three transects in each study site that ran across all the FMU at each site (T1, T2 and T3 in Site 1; T4, T5 and T6 in Site 2) (Figure 1 ). We specifically chose unlogged areas in the forest concessions. In Site 1, transects were each 3 km long (9 km in total), the two most distant transects (T1 and T3) were 26 km apart. In Site 2, they reached 4.8 km (14.4 km in total). The two most distant (T4 and T6) were 63 km apart. Transects were shorter at Site 1 because of difficulties during fieldwork. At both sites, watercourses and swamps were located along transects. Along each transect, the slope was measured every 20 m with a clinometer to draw the topographic profiles. Sampling in riverbanks and swamps, including on steep slopes, was avoided because of inherent erosion and colluvium processes (in agreement with Carcaillet, 2001b) . At each transect, a test-pit of 0.5 m × 0.5 m wide and 0.6 m deep was excavated every 250 m after removing the organic layer. We thus obtained a total of 12, 11 and 12 test-pits (P1 to P11/12) in T1, T2 and T3 of Site 1 and 19, 18 and 16 test-pits (P1 to P16/18/19) in T4, T5 and T6 of Site 2 which provided a total of 88 sampling test-pits for both sites (35 for Site 1 and 53 for Site 2). The skeletal content as well as the structure and colour of the soil were described (Carcaillet, 2001b) , but no stratigraphic change was detected. Artefacts were extracted and inventoried by 10-cm layers. Reference pedological pits of 1 m × 1.3 m wide and 1.5 m deep were also excavated within each site (6 in Site 1 and 9 in Site 2) between 10-and 20-m distance from the test-pits. The reference soil profiles were oriented in a northwards direction. They were used for comparison purposes with the test-pits of the age-depth relationship.
Macrobotanical remains collection
To avoid human bias by hand-picking the visible charcoals and macroremains only (Carcaillet and Thinon, 1996) , fixed volumes of 3 L of bulk soil were sampled by 10-cm layers, providing a total of 18 L of soil per test-pit. The soil samples were transported to the nearest watercourse and water-sieved directly on site through a 2-mm mesh sieve. The intermediate 2-mm mesh size constituted a good compromise between efforts during fieldwork, the sorting in laboratory and the possibility of further taxonomical identification on the macro charcoal fragments (i.e. ⩾1 mm according to the definition of Scott, 2010) . Sieve refuses were subsequently air-dried.
In the laboratory, the charred botanical remains were manually separated from the mineral refusal under a dissection microscope (×20). To test whether the different categories of remains represent the same signals of human activity, we sorted them into three categories: (1) wood charcoals, (2) charred oil palm endocarps (Elaeis guineensis) and (3) unidentified charred seeds (in the absence of an exhaustive reference collection for these biomes). All materials were separately dried and subsequently weighted by depth and by category on a precision scale (0.01 g in accuracy).
Statistical analysis
For each study site, we tested Pearson correlation coefficients (using classical parametric test) between the quantities (g/L) of charcoal, oil palm endocarp and unidentified seeds (after performing a log (quantity + 1) transformation of these variables), in order to determine whether they characterized the same types of human activities. To test whether the different transects and testpits experienced similar anthropogenic disturbance regimes, a linear mixed effect model with six factors (sites, depths, transects within sites, pits within transects, transects depending on depth within sites and pits depending on depth within sites) was performed on charcoal and oil palm endocarps separately (R software 3.2.4, www.r-project.org/). Sites, transects and test-pits were considered as random effects, while depth was defined as a fixed effect. The abundance of charcoal and oil palm endocarps underwent a logarithmic transformation to meet the assumption of normality (Biwolé et al., 2015) . Smaller scale spatial structures were characterized for each variable (within each site) by calculating their spatial autocorrelation using Moran's I statistic (Moran, 1948) . The latter was computed as follows:
where x 1 and x 2 are, respectively, the values of variable X for samples a and b, while x and Var(x) represent the mean and variance of the variable, respectively. The 1/(n -1) term was used to ensure that the average I ab computed for all existing a, b pairs equals zero. Mean Moran's I values were computed for 12 to 14 distance intervals and plotted against spatial distance (autocorrelograms) to visually characterize spatial patterns at different scales: within a test-pit (distinguishing adjacent soil layers from layers separated by two to four layers), within a transect and among sites.
Mantel tests between the spatial distance matrix and the I ab matrix were performed to determine the significance of the spatial structure of each variable (Vleminckx et al., 2014 ). Finally, we tested the Pearson correlation coefficient between each category of botanical remains and the distance to the nearest pottery discovery, in order to determine whether they were related to human settlement. To avoid type I error inflation due to spatial dependence between data points, correlation coefficients were tested by comparing the observed values with a null distribution of coefficients obtained after performing 4999 translations similar to torus-translations (Harms et al., 2001 ). More precisely, this procedure consisted in randomly shifting test-pits within each transect independently, while preserving the original disposition of the test-pits, except at transect extremities where test-pits were transposed to the opposite extremity (as if test-pits were located along a ring). P-values were then obtained as the proportion of correlation values lying outside the 95% confidence envelope. Spatial autocorrelation and torus-translation tests were performed using software Torocor 1.0 (http://ebe.ulb.ac.be/ebe/Software. html, Vleminckx et al., 2014) . Input files for these analyses are available in the Supporting Information S1 and S2, available online.
Radiocarbon dating
Radiocarbon dating was performed on 50 charred pieces, namely 25 for each study site, including 37 on oil palm endocarps, 1 on an unidentified charred seed and 12 on wood charcoals in the absence of short-lived material (Table 1) . Samples were chosen preferentially on hilltops or flat topographic situations to get reliable data from human sites (Oslisly and White, 2003) and to avoid colluvium (Carcaillet, 2001b) . Two soil profiles up to 150-cm depth were chosen in T3 of Site 1 (plot P3) and T6 of Site 2 (plot P9) as reference profiles to test the age-depth relationship, with five oil palm endocarps dated at regularly spaced depths in each profile (by 20-cm layers in Site 1 and 10-cm layers in Site 2). All dates were obtained from samples with sizes ranging 2-to 4-mm diameter for charcoals, and up to 6-mm diameter for endocarps. Single oil palm endocarps or charcoals in direct contact with potsherds were used to estimate the age of pottery (Bourland et al., 2015) . The Poznań Radiocarbon Laboratory (Poz) dated the 50 charcoal samples using Accelerator Mass Spectrometry (AMS). Calibration was performed in the OxCal v4.2.3 program (Bronk Ramsey, 2013) set with the IntCal13 atmospheric calibration curve (Reimer et al., 2013) . To estimate the temporal distribution of events and to compare the two study sites, we performed a summed probability distribution of the radiocarbon dates calibrated in BP, in combination with a Bayesian model (Bronk Ramsey, 2009 ). Finally, we drew maps of the temporal patterns of each study site by using the same Bayesian distributions of the radiocarbon ages (Bronk Ramsey and Lee, 2013) and added the macroremains quantities for each dated plot (Supporting Information Figure S3 , available online).
Results
Charcoal, oil palm endocarps and seeds spatial patterns
Macrobotanical remains were found in all transects (Figure 2) . The summed masses ranged from 5.25 to 11.20 g/L in Site 1 (T3 and T1, respectively) and from 1.62 to 3.73 g/L in Site 2 (T5 and T6, respectively). The remains were present in 76 test-pits out of 88 (Site 1: all test-pits out of 35; in Site 2: 41 test-pits out of 53). They were found at all depths up to 60 cm in both sites. Charcoals were present in 71 test-pits out of 88 (Site 1 Within each study site, no significant difference was observed for charcoal and oil palm endocarps abundance between transects (Table 2) , while the abundance of unidentified seeds was significantly different between transects of Site 2 (namely more present in T4).
Significant spatial structures were found in both sites for charcoal and oil palm endocarps, while no significant Moran's I values were found for the seeds (Figure 3) . However, spatial autocorrelation was only significant for soil layers separated by 10 to 25 cm for charcoal masses, and among all layers for oil palm endocarps.
Relationship between archaeological findings and the presence of charred botanical remains
Artefacts were found in 11 pits (5 pits in Site 1; 6 in Site 2), identifying the presence of human settlements in both study sites (Figure 2, Table 3 ). All potsherds were recorded on hilltops or plateaus and/or within 250-500 m of a watercourse. Two opaline-quartz flakes were also discovered in two soil profiles on transect T1 in the soil pit of plot 7 and on T3 in the soil pit of plot 3 between 70-and 80-cm depth. A grindstone in quarzitic sandstone and a quartz flake were found in Site 2 Transect 4 in a soil pit at 80, and two other flakes at 140-cm depth. Detailed analysis of the archaeological material will be performed in a future study.
The abundance of oil palm endocarps was significantly higher in test-pits where archaeological material was found (Table 4) . However, no significant difference was observed regarding the abundances of charcoal and unidentified seeds. When plotting these abundances against the distance to the nearest pottery finding, we observed a decreasing trend that was more significant for oil palm endocarps than for charcoal or seeds in both sites (Figure 4 ). All trends were significant for oil palm endocarps but not for the two other macroremains categories, according to Pearson correlation tests. However, the only strong trend observed (R 2 = 0.38) declined (R 2 ≈ 0.06) when removing the five plots separated by a null value. These five values were also far apart (great variation).
Radiocarbon ages temporal distribution
The 50 radiocarbon ages obtained spanned from 2800 cal. BP (Site 2) and 2350 cal. BP (Site 1) to the present time (Table 1, Figure 5 ), but with an older date around 10,700 cal. BP in Site 2 (Table 1) . Ages were mainly distributed into two similar time periods, with slight time shifts between the study sites: (1) a first period between 2350 and 1500/1350 cal. BP (Phase A), (2) a second period, with fewer dates between 1500/1350 and 580/300 cal. BP (hiatus) and (3) a third period between 580/300 cal. BP and the present (Phase B).
The age-depth relationship was weak at both sites (see Vleminckx et al., 2014) , but with similar patterns. Young dates after 800 cal. BP concentrated in the first 30-cm depth while older dates between 1500 and 2800 cal. BP clustered in the first 40-cm depth. Radiocarbon ages focused on 2300 cal. BP were found deeper than 40 cm (i.e. in the reference soil pits at both sites). The oldest date around 10,700 cal. BP in Site 2 was found between 100 and 110 cm.
Modelled distributions of the radiocarbon ages were mapped at 200-year intervals (Supporting Information Figure S3a for Site 1; S3b for Site 2, available online). The distributions showed the discontinuity of spatial occupation over time and the 2000-to 2800-km spacing between synchronous human activities in a same transect, especially around 1800 BP in both sites. Distances dropped below 2000 km around 1600 BP. The maps also demonstrated a southward displacement of the disturbances over time in Site 2. Charcoal and oil palm endocarps quantities in the dated test-pits showed reverse trends between very spatially close test-pits in the same transect. In addition, potsherds were more often associated with larger quantities of oil palm endocarps. 
Discussion
In this study, we aimed at characterizing the temporal and spatial patterns of human activity at local scale in the dense forests of southern Cameroon by using a systematic sampling protocol. The majority of charred macrobotanical remains were considered as by-products of human land-use in our study (sensu Glaser, 2007) . We found evidence of scattered human settlements and activity in the two study sites, which were mainly dated to the late-Holocene (after 2500 BP). Archaeological remains, in the form of artefacts and biomarkers (i.e. charcoals and charred seeds), showed different spatial patterns according to their location along the study transects, revealing two main types of human activities: domestic and agricultural. These results support the relevance of an analysis based on soil charred macrobotanical remains to test spatial patterns of past human land-use in tropical contexts.
Human-induced paleofires
The discrimination between natural and anthropogenic fires since the Holocene remains a complex issue in the absence of archaeological evidence, such as potsherds (Conedera et al., 2009; Scott and Damblon, 2010; Théry-Parisot et al., 2010) , and more specifically in underexplored regions (Di Pasquale et al., 2008; Hubau et al., 2014 Hubau et al., , 2015 . However, three arguments could allow for the interpretation of charred biomarkers as human-induced in our study sites: (1) their local significance, (2) their scattered distribution both in time and space, and (3) a reduced probability of natural fires during the period considered.
Paleofires were local. To detect the local nature of human activities, we analysed charred botanical remains of ⩾2 mm. Previous studies on paleofires and experimental work have shown, indeed, that macro charcoals of ⩾0.4 mm, and most often of ⩾2 mm, dominated the charcoal records (94% of the mass in Ohlson and Tryterud, 2000) and provided information about local fires due to limited transport of this fragment size (Clark, 1988; Clark and Patterson, 1997; Conedera et al., 2009; Eckmeier et al., 2007; Ohlson and Tryterud, 2000; Scott and Damblon, 2010) . At maximum, charred macroremains derived from within a few hundred metres of the source area of their production (Conedera et al., 2009) . Furthermore, the admixture of macro charcoals and macrobotanical remains of different sizes and shapes in our records confirms in situ assemblages resulting from local fires (Conedera et al., 2009; Scott, 2010) . Finally, Hubau et al. (2015) demonstrated that test-pits recorded one burning only or that charcoals were stratified in separate layers. Moreover, when there was only one burning per pit, the same few species have been identified throughout the profile. Charcoal identification is still in progress in our study sites, but preliminary results show the same trends. We can thus be rather confident that macroremains actually captured discreet and very local fire events, despite their vertical dispersion.
Paleofires were scattered. Regarding their distribution, charcoal and charred botanical remains were unearthed everywhere at both sites, with no specific spatial structure, with the exception of the unidentified seeds which were found in greater quantity in transect T4 of Site 2. Spatial structures were only significant for charcoals and oil palm endocarps coming from the same testpits. This suggests that charred remains were scattered and that there was no relationship between fire events detected in two adjacent or non-adjacent test-pits. This can correspond to a Figure 5 . Modelled probability density (dark grey) of the 49 radiocarbon dates between 2800 to the present in cal. BP (the oldest date at 10,700 cal. BP is not shown). Light grey indicates the probability removed from the model. Black dashed lines between the peaks of the curves represented temporal differences between Sites 1 and 2. Three periods were delimited: (1) a Phase A (2300-1500/1350 cal. BP), (2) a hiatus phase with less occupation (1500/1350-580/300 cal. BP) and (3) a Phase B (580/300 cal. BP to the present).
much-localized response of charcoal and oil palm endocarp abundance by depth that also strongly varied between test-pits. Inter-pit variability relative to charcoal concentration has already been demonstrated at local scale (Touflan and Talon, 2009 ). This variability could be linked to biomass differences at the time of burning, which we cannot estimate in the current state of knowledge, because of uncertainties related to biomass estimations for tropical African forests (see, for example, Kearsley et al., 2013) . Nonetheless, Brando et al. (2016) recently demonstrated in neotropical forests that fires little affected large trees >30 cm in diameter at breast height (dbh). The fact that we found the same temporal and spatial patterns of scattered fires in our two study sites, corresponding to two contrasting situations in terms of environmental conditions and vegetation, confirms the discontinuity of late-Holocene paleofires. Moreover, the absence of synchronicity of the fires and the local origin of soil charcoals (Carcaillet et al., 2009; Conedera et al., 2009; Whitlock and Larsen, 2001 ) compared with sedimentary charcoals close to our study sites (e.g. the Ntem Interior for Site 1, and Goualougo Lake and Mopo Baï in the Republic of the Congo for Site 2, Brncic et al., 2007 Brncic et al., , 2009 Tovar et al., 2014 ) also supports the assumption of scattered fires in southern Cameroon as being a general trend.
Paleofires were rarely natural. The only old age, obtained at Site 2 (Poz-49325, 9400 BP), corresponds to the late-Pleistocene/Holocene transition (Sangen, 2012; Sangen et al., 2010) . A climate with reduced precipitation has caused the shrinkage of the central African moist forests of the order of 84% (Anhuf et al., 2006) . Those drier climatic conditions may have favoured the ignition of natural fires at that time (Hubau et al., 2013 (Hubau et al., , 2015 in the absence of a dense prehistoric and impacting population (Cornelissen, 2002) . The main body of radiocarbon ages indicates that paleofires concentrated during the late-Holocene (after 2500 BP). This occurred after the First Millennium Rainforest Crisis (Ngomanda et al., 2009 ), a strong dry event around 2500 BP in central Africa that has induced forest fragmentation and could have driven agriculturists to expand southwards in the forest (Clist, 2006; Lanfranchi et al., 1998; Schwartz, 1992) . Climate was less dry after this time, reducing the probability of natural fires to occur (Bostoen et al., 2013; Brncic et al., 2009; Maley et al., 2012) . Indeed, even increased fuel loads in the understory were unlikely to create catastrophic fires outside periods of intense drought (Brando et al., 2016) . But, after 2500 BP, alluvial sediments in the surroundings of both study sites (the Ntem Interior delta, the upper Nyong, Sanaga, Boumba, Dja and Ngoko valleys, Runge et al., 2014; Sangen, 2012; Sangen et al., 2010) have recorded an increased erosion coinciding with forest regression (Neumer et al., 2008) , coupled with a growing number of archaeological sites and discoveries in southern Cameroon (Bourland et al., 2015; Höhn et al., 2008; Meister, 2008; MorinRivat et al., 2014; Oslisly et al., 2013a Oslisly et al., , 2013b Sangen, 2012; Wotzka, 2006) . We also found much more charcoal in Site 1 than in Site 2, despite the fact that Site 1 receives more rainfall and is thus more humid, supporting the hypothesis of important anthropogenic disturbances in the area. The great amounts of charcoal and macrobotanical remains trapped in the riverbanks have also been interpreted as remnants of slash-and-burn agriculture (Sangen, 2012) . We do not exclude, however, the possibility of small-scale natural paleofires in periods of severe droughts in relation with ENSO events (Hammond et al., 2006; Hubau et al., 2015; Neumann et al., 2012a Neumann et al., , 2012b Scott, 2000; Titiz and Sanford Jr, 2007) .
Ancient land-use in southern Cameroon
Late-Holocene human occupations. The set of 49 radiocarbon ages, excluding one date (Poz-49325, 9400 BP), clearly concentrates to the late-Holocene (after 2500 BP), in agreement with previous works (Oslisly et al., 2013a (Oslisly et al., , 2013b Wotzka, 2006) that have reported an increase in the number of archaeological sites during this period. Moreover, despite the fact that the two study sites were 350 km apart, the ages were distributed according to the two same well-known archaeological periods: (1) 2300-1500 (Site 2)/1300 (Site 1) BP, and (2) 580 (Site 2)/300 (Site 1) BP to the present. We suggest to use Phases A and B, instead of the too largely used early and late Iron Age (Phillipson, 2005) , because we cannot be sure of the identity of past populations in our study areas. Pyro-technologies were represented by pottery in both sites and iron metallurgy in the study areas (Eggert et al., 2006; MorinRivat et al., 2014) , which suggest scattered human settlements. The bimodal pattern of human occupation, characterized by an intermediate hiatus in the radiocarbon ages between 1500 (Site 2)/1300 (Site 1) and 580 (Site 2)/300 (Site 1) BP, has already been reported for central Africa (Oslisly et al., 2013a (Oslisly et al., , 2013b Wotzka, 2006) and for southern Cameroon in particular . This hiatus phase has been interpreted as a population collapse (Oslisly, 2001; Schwartz, 1992) . Its definitive explanation is still debated (Wotzka, 2006) , with propositions related to widespread epidemic diseases (e.g. trypanosomiasis) and famines (Oslisly, 2001; Oslisly et al., 2013a) or destructive taphonomic processes of the human settlements (Wotzka, 2006) . We suggest, however, that the slave trade since the 15th century could partly have an impact on human populations by raiding peoples far into the forest. Especially, the time shift between Site 1 and Site 2 at the end of this hiatus (580/300 BP) could be explained by populations displacements eastwards.
Past human activities and land-use management. The absence of correlation between charcoal and oil palm endocarps supports the hypothesis that they did not represent the same types of events and probably of human activities. Moreover, there was a relationship between potsherds and oil palm endocarps, the latter most often associated with potsherds than with charcoal only, and found in higher positions, such as hilltops in the vicinity of watercourses. Rivers are usually considered as aggregation sites for populations in tropical environments (Bush and Silman, 2007; McMichael et al., 2012; Oslisly and White, 2003) . This combination between potsherds and oil palm endocarps thus seems to represent domestic activities in human settlements, as reported in several sites in southern Cameroon (Eggert et al., 2006) . By contrast, charcoal and unidentified seeds followed other trends and were less often associated with pottery findings. We suppose that they can represent other signals, more distant to human settlements. Seeds were not numerous but showed various patterns of abundance. Their presence may be interpreted as the burning of wild plant species, either during wild fires or slash-and-burn agricultural activities. In general, charcoal presence may correspond to agricultural practices and to slash-and-burn shifting cultivation in particular, notwithstanding specific domestic contexts (e.g. domestic hearths). We also found that synchronous human activities around 1800 BP could be spaced between 2000 and 2800 m apart. This may correspond to the land needed for a village to thrive. Two centuries later, around 1600 BP, this distance dropped below 2000 m (i.e. 1750 m in average). This may be linked to a peak in human occupation during Phase A (Oslisly et al., 2013a (Oslisly et al., , 2013b Wotzka, 2006) , which may suggest a peak in human density in both study areas. Distance between contemporaneous activities may thus be reduced with increasing population. People currently walk 2-km distance to go cultivate their fields in southern Cameroon (Carrière, 2002) . However, we cannot transfer the present situation to the past, even though a traditional land-use as described in southern Cameroon is likely, with shifting fields located in the village lands (Vermeulen and Karsenty, 2001) . It can be assumed that people moved their villages because of soil exhaustion over generations, or for political purposes, such as alliances (e.g. same family, ethnic group), conflict management (Vermeulen and Karsenty, 2001 ) or because of disease outbreaks (e.g. ebola). All these elements suggest that people may have been a crucial factor in the presence of charcoal. We assumed that these populations, even two millennia ago and up to the 19th century, had a deep knowledge of their long-term landuse and their spatial occupation.
Charcoal for slash-and-burn cultivation. Iron smelting and shifting agriculture yielded large quantities of charcoal (Neumann et al., 2012a; Oslisly et al., 2013b) . In our study sites, no metallurgical slags or 'tuyères' fragments have been discovered so far, which makes the assumption of charcoals as remnants of agricultural practices more likely. Agriculture has been rarely demonstrated in Africa's dense forest in the absence of obvious evidence, for instance pearl millet seeds (Pennisetum glaucum), as discovered in southern Cameroon and dated to 2200 BP (Eggert et al., 2006; Kahlheber et al., 2009; Neumann et al., 2012a) . The use of lateHolocene soil charcoals is thus of great interest to track past agricultural practices within the African moist forest . In our study, oil palm endocarps add another interesting element of discussion relative to the utilization of wild plant resources by past populations (Clist, 1997; Lavachery, 2001; Lavachery et al., 2005; Logan and D'Andrea, 2012 
Conclusion
This study has demonstrated the statistical power of using charcoal and charred botanical remains so as to interpret past land-use in tropical contexts. Nonetheless, this does not exclude some limitations. The first one relies on the linear sampling used in this study, which could not afford exhaustive information on human activities, but brought information along great distances. An improvement of this could be a sampling according to a grid. Second, this method needs large soil quantities to collect the charred botanical remains (see Di Pasquale et al., 2008) , which could potentially give a lower temporal resolution than in sedimentary charcoals from lakes (Whitlock and Larsen, 2001) . Even though we reduced the thickness of the soil layers (10 cm versus 25 cm in Di Pasquale et al., 2008) to try to increase the temporal resolution of our records, only weak age-depth relationships emerged, especially in Site 2. Nonetheless, the most recent dates came generally from the topmost 40 cm of the test-pits with increasing age with depth (Hubau et al., 2015; Vleminckx et al., 2014) , which is also consistent with previous results on tropical soils (Hammond et al., 2006; Vleminckx et al., 2014) . Additional geomorphological and pedological work should be done, however, in order to understand soil formation, accumulation rate and disturbance processes in African tropical soils. Indeed, we cannot exclude likely post-depositional processes in our study sites, such as soil reworking by soil fauna, uprooting, erosion, burrowing and decomposition (Conedera et al., 2009; Théry-Parisot et al., 2010) . Finally, attention should be paid to the potential inbuilt ages of the dated charcoal compared with the short-lived endocarps, as they could come from long-lived trees and could thus overestimate the actual ages by several hundreds of years (Gavin, 2001; Hammond et al., 2006) . In spite of these limitations, it does not understate the interest of the method in terms of spatial study of past disturbances (Carcaillet, 2001a (Carcaillet, , 2001b , and clear advantages emerged from an approach based on different categories of land-use biomarkers (Conedera et al., 2009; Di Pasquale et al., 2008; Ohlson and Tryterud, 2000; Robin et al., 2013) . The repetition of our sampling in two different study sites that represented contrasting ecological situations, the large number of replicates in terms of test-pits (88) and soil samples (528), as well as the 50 radiocarbon ages obtained, contribute to the reliability of our results (Conedera et al., 2009; Eckmeier et al., 2007; Gavin et al., 2003; Touflan and Talon, 2009 ). The ubiquity of charcoal and its good preservation in soils over the limited number of suitable sites for palynology and sedimentary charcoal (Robin et al., 2013 ) make it a highly relevant tool, especially to discover human settlements and activities in areas that have not been archaeologically surveyed. Our results also highlighted agricultural practices that have long been neglected and thus open the way for a very practical archaeology of land-use and landscapes in tropical contexts.
